Abstract
144
To account for the scattering contribution from the entire particle size range, the current DPR 145 algorithms adopt a simple scattering model, namely, the ice-air mixed spheres with a fixed snow 146 density of 0.1 g/cm 3 for all particle sizes (Seto et al. 2013) . To check the validity and accuracy of 147 the simple geometric scattering model, a study was carried out by Liao et al. (2013) g/cm 3 is assumed for all spherical and spheroidal particle models. The spheroids are assumed to 154 be randomly oriented, i.e., their symmetry axes are uniformly distributed in three-dimensional 155 space. The aspect ratios (γ) of the spheroids, defined as the ratio of polar to equatorial lengths,
156
are taken to be either 0.5 or 2 to represent oblate and prolate spheroids respectively. The results
157
of the study show that the scattering properties of the aggregates are fairly well reproduced by an 158 equivalent-mass spheroidal particle when a constant snow density is assumed.
160
Agreement between the spheroidal/fixed density model and the aggregates suggests the validity 161 of the simple model and its utility for computing look-up tables for the DPR. An effective snow 162 density of 0.2 g/cm 3 is best able to reproduce the scattering parameters of the bullet-rosette 163 aggregates at the DPR frequencies. It is important to note that the effective mass density, as 164 defined in this paper, is that mass density of a spheroidal particle whose associated scattering 165 parameters provide the best match to those of the simulated aggregates with the same mass. This 166 definition is motivated by the desire to match the scattering properties of the spheroidal and simulated aggregates and is distinct from the usual definition of snow density given by the ratio 168 of the particle mass to the volume where the volume is taken to be that of a circumscribing 169 sphere or spheroid. To distinguish our definition from others, the density we use for scattering 170 computations is referred to as the effective snow density. It is also important to note that the 171 snow mass is preserved in both definitions; that is, the product of the mass density or effective 172 mass density and the particle volume yields the same mass.
174
Recently, Kuo et al. (2016) The three-parameter gamma distribution is one of the most common ways to mathematically 202 describe hydrometeor size/mass distributions (Gorgucci et al. 2000 and 2002; Bringi et al. 2002) .
203
The form of the gamma distribution is expressed as
where D m is the mass-weighted diameter of the particle, N w is a scale factor, and µ is the shape 
208
To describe snow particle size and mass spectra, the PSD in (1) and (2) is the melted median mass diameter, defined by
213 214 In the inner swath, the DPR provides Ku-and Ka-band The differential frequency ratio (DFR), which is defined as the difference between the radar 221 reflectivity factors at Ku-and Ka-bands in decibels, is perhaps the most important quantity for (semi axes of spheroid) are solely determined by the density specified for a given particle mass.
231
The center plot shows the effects of particle shape where a As discussed above, D m can be derived from the DFR-D m relations for a given µ. In principle,
264
once D m is determined, N w is derived using the radar reflectivity at either Ku-or Ka-band.
265
Subsequently, snow water content (SWC) and equivalent snowfall rate (R S ) can be computed 266 from the derived PSD parameters. The fall velocity of snow is needed in order to estimate R S .
267
For the development of an effective dual-wavelength radar retrieval technique, it is desirable to The procedure for the estimation of snow parameters is described as follows: given a pair of 
where D and D m in (4) and (5) as well as in Fig.8 are, respectively, the actual particle diameter 360 and median mass diameter rather than the melted sizes employed in the rest of the paper. m(D)
361
is the particle mass-size relation, and ρ w is the water mass density taken to be 1 g/cm 3 . Note also mostly caused by the differences between measured and modeled melted particle size 386 distributions. As noted earlier, the exponential melted-size distribution is assumed in the look-up 387 tables while the measured melted-size distribution is derived from the measured particle diameter 388 spectrum and the mass-size relation that generally will be different from an exponential 389 distribution. Computation of the snowfall rate, on the other hand, depends not only on the 390 particle mass (or melted-size) spectrum but also on the particle fall velocities. Most of the 391 estimated snowfall rates, as derived from the measured PSD and the mass-size relations, and
392
shown in the lower panels of Fig.9 are therefore achieved by using newly introduced look-up tables that directly link band radar reflectivities to hydrometeor parameters without the use of derived PSD parameters.
434
The look-up tables are formed so that SWC and R S , both of which are normalized by the band radar reflectivity factor, are expressed as a function of the differential frequency ratio of and scattering models, a sensitivity study was done, finding that the choice of shape factor of the gamma PSD has only a slight impact on the retrievals. 
